Results
One hundred thirty-three participants (intervention ϭ 64; control ϭ 69) provided information for 1,637 patients with diabetes. In the intervention group, physicians in practices in the worst quartiles of A1c control were least engaged with the study Web site in nearly all dimensions. Total number of pages viewed decreased as quartile of A1c control worsened (137, 73, 68, 57; P ϭ .007); similarly, for a given 10% increase in proportion of patients with controlled A1c, participants viewed 1.13 times more pages (95% CI: 1.02-1.26, P ϭ .02). In the control group, engagement was neither correlated with A1c control nor different across quartiles of A1c control.
Conclusions
Engagement in Web-based interventions is measurable and has important implications for research and education. Because physicians of patients with the greatest need for improvement in A1c control may not use online educational resources as intensely as others, other strategies may be necessary to engage these physicians in professional development activities.
Internetuseisnowubiquitousamong physicians in practice. With over 96% of physicians in the United States reporting the Internet as a primary tool for addressing clinical questions, 1,2 it comes as no surprise that providers of continuing medical education (CME) increasingly turn to the Internet to deliver and disseminate educational material. In 2008, accredited CME providers offered 22,006 Internet enduring materials for a total of 47,304 hours of instruction to over 3.7 million physician participants. 3 Web-based offerings made up 28.5% of the total volume of CME activities and included 40.9% of total physician participation that year. 3 In another report, physicians completed approximately 13% of their required CME credit online, a 63% increase since 2003. 4 Online education offers great opportunity to overcome some of the barriers to physician participation in traditional educational formats. Issues of flexibility, convenience, and interactivity are more easily addressed in an online learning environment where content can be accessed at the learner's discretion, particularly when immediately relevant to a clinical question. In addition, although studies of their effectiveness trail their proliferation, 5 existing evidence suggests that Web-based interventions, including CME activities, have the potential to improve physician performance and patient health outcomes. 6 -9 It is likely that the impact of Web-based interventions and CME on physician performance and patient health outcomes is related to the level of participation and engagement of the individual learners with the online material. However, accurate definition and measurement of engagement is difficult, particularly when using basic metrics available in most Web tracking software. 10 Further, although many have sought to outline the process of information seeking among physicians, 11 no research has determined the exact relationship between baseline performance and subsequent level of engagement. Using a multidimensional approach to assessing participation, 10, 12 we examined differences in engagement with the Rural Diabetes Online Care (RDOC) Web site among physicians of patients with diabetes. Specifically, we investigated whether lower-performing physicians whose patients' blood glucose levels were poorly controlled at baseline would be more likely to seek information and, thus, have higher engagement levels than their higher-performing counterparts.
Method

Study design and setting
We report on baseline data from the 2006 -2009 RDOC study, a grouprandomized trial testing the effectiveness of an Internet-based intervention aimed at improving diabetes care by rural primary care providers (ClinicalTrials.gov identifier: NCT00403091). This report does not address the primary results of the main study.
Participating physicians were family, general, and internal medicine physicians located in rural areas of 11 southeastern states in the United States (Alabama, Arkansas, Florida, Georgia, Kentucky, Mississippi, Missouri, North Carolina, South Carolina, Tennessee, and West Virginia). Rural areas were identified by the standard definition of the U.S. Office of Management and Budget as those not included in metropolitan statistical areas. Physicians were recruited between February 2006 and June 2008 with mailed and faxed materials, presentations at professional meetings, physician-tophysician telephone conversations, and office visits. Those interested were invited to enroll in the study by visiting the study Web site; enrollment occurred between September 2006 and July 2008. After providing informed consent online, physicians were then randomized to either the intervention or control arm of the study. All participating physicians were offered a maximum of 12 AMA PRA Category 1 CME credits at no charge.
Participating physicians provided the study team 10 to 15 patient records of consecutively seen patients with diabetes who met the following eligibility criteria: They were the physicians' own patients, had at least two office visits and at least one year of observation data in the medical record, and had no dialysis, dementia, organ transplantation, HIV/ AIDS, terminal illness, or malignancy (except skin and prostate cancer). After being blinded, records were sent to the study center or abstractors were permitted to abstract the records on-site in the office. Each physician received a $200 incentive for participation in the study, and the physicians' staff received $50 for copying charts.
Experienced abstractors, who were trained specifically for the purposes of this study, abstracted the blinded data using a structured medical record review instrument and the publicly available MedQuest software. All abstractors had years of experience conducting chart reviews for multicenter studies.
Throughout the duration of the study, all abstractors conducted quality control by dual abstraction and independent data entry on 5% of records (n ϭ 90); dual abstraction revealed agreement of at least 90%. Baseline patient data from participating practices were collected from September 2006 through July 2008. The Web sites were launched on September 27, 2006 .
Intervention description
The intervention and control Web sites were developed after a formative evaluation process, 13 which included a barrier analysis, 14 expert advisory panel review, and usability testing. The intervention site had six components: (1) practice timesavers, (2) challenging cases, (3) practical goals and guidelines, (4) patient resources, (5) an area to track and view CME credit, and (6) individualized performance feedback reports. The central components of the intervention were displayed prominently in the Web site (practice timesavers, cases, performance feedback).
The practice timesavers contained information about how to improve practice efficiency: time-saving tools, such as flow sheets, to track patients, standing orders, and tips for accurate billing; strategies for empowering office staff to promote efficient counseling; and strategies, such as quality improvement tools, for improving patient care without spending more time. For the last part of this component, we were permitted to adapt parts of the diabetes modules developed by the American Board of Internal Medicine 15 and the American Board of Family Medicine. 16 The challenging cases section contained four clinical vignettes, deployed across 12 months. The cases highlighted the essentials of diabetes control: hemoglobin A1c, blood pressure, and total cholesterol (case 1), intensification of therapy to achieve blood pressure control for hypertensive patients with diabetes (case 2), strategies to control glucose when oral therapy fails (case 3), and lipid control (case 4). All cases were interactive, and physicians received real-time feedback on responses to their questions as well as real-time comparison with other participants' answers. The cases were concise and contained highlighted key points. We used this approach because performance on clinical vignettes is associated with actual clinical performance 17 and has been effective in prior clinical trials. 7, 18 The practical goals and guidelines section summarized current recommendations by the American Diabetes Association 19 and the Joint National Committee on Prevention, Detection, Evaluation, and Treatment of High Blood Pressure. 20 The main focus of these was on glucose, blood pressure, and lipids control, and we did not modify the guidelines. We provided practical tips to improve control through a patient resources section that provided selected information from national organizations on methods for patients to track clinical measures (glucose, blood pressure, lipids), self-management, medication resources, dietary information, and diabetes prevention strategies.
The individualized performance feedback reports were added 12 to 18 months after launching the Web site for the physicians who provided patients' information at baseline. We used the Achievable Benchmarks of Care method to provide feedback 21, 22 about the baseline data in the form of a graphical comparison of participating physicians' personal performance on each indicator compared with a benchmark (representing the average performance for the top 10% of physicians). The indicators used were monitoring (A1c, blood pressure, cholesterol), counseling (diet or exercise), and acting to improve (if uncontrolled A1c, blood pressure, cholesterol).
Physicians in the intervention group also received e-mail reminders every one to three weeks about new updates to the Web site.
Control description
The control Web site had four components: (1) online resources, (2) a list of educational conferences in the area, (3) an area to track and view their CME credit, and (4) a link to an external medical blog. The online resources were links to five practice guidelines and four sites for patient education materials from national organizations. The educational conferences list and the medical blog were updated regularly. As opposed to their intervention counterparts, physicians in the control group did not receive the performance feedback reports or electronic communications reminding them of the Web site or contents.
Patient-level measures
The most recent hemoglobin A1c level recorded in the patient chart was used to assess glucose control at baseline. The main independent variable for this study was the proportion of patients with controlled diabetes (hemoglobin A1c Յ7%) for each physician's practice. We chose this variable because it is a recommended performance measurement. 19
Study engagement-Web participation
Participating physicians in both arms of the study were required to log in to access the study Web site. Between September 2006 and January 2009, we prospectively tracked and measured each physician's engagement with the Web site by authenticating his or her identity as he or she logged onto the Web site. Server log files were tagged with date and time and linked to each visit.
We built on the work by Houston et al 10 and Danaher et al 12 to measure study engagement across four domains: volume, frequency, variety of components, and duration of visit. We defined volume as the total number of page views and frequency as the total number of visits. Because the variety of components was an important feature of the study's design, we counted the number of components accessed, the number of cases completed (for the intervention group), and the number of CME credits requested. The duration of access was measured by the aggregate duration of visits (defined as the sum of Web page durations during each visit, time in minutes between start and logged end time). 23, 24 Exposure was measured by the total number of weeks participating (defined as weeks from first to last login-users who accessed the site once were counted as one week).
Each visit duration may not reflect the actual time spent, because physicians may have left the Web site open for any length of time but may not have spent all of that time on the site. The date and time stamp are only updated when the browser is closed or when the user logs off. Thus, to address this issue we censored the data for each visit in two ways. First, we explored the distribution of time spent by the intervention group working on the cases and found that 86% to 95% of the physicians spent less than 15 minutes on any of the cases. Thus, we censored the time spent on any given case at Ն15 minutes. Second, we explored the distribution of time spent by all participants on any given visit and found that 92% spent less than 30 minutes. Accordingly, we censored the time spent on any given visit at Ն30 minutes. These methods of censoring data are consistent with a standard set by organizations tracking Internet use. 24, 25 We did not calculate other measures of participation because we have found that some are highly interrelated 10 and that they require additional computational calculation not usually offered by commercial Web-tracking software.
Statistical approach
For all main comparisons, the unit of analysis was the participating physician. We used three methods to explore the associations among the dependent variables (domains of study engagement) and the main independent variable (proportion of patients with A1c controlled at the physician level at baseline). Each of the main dependent variables was modeled as a count, such as the number of Web pages accessed. First, for the bivariate comparisons, we classified practices according to quartile of diabetes control. Physicians in the first quartile of diabetes control had the most patients with hemoglobin A1c Յ7%, and physicians in the fourth quartile had the fewer controlled patients. We used nonparametric trend tests to compare practice characteristics across quartile of control. Second, we used Spearman rho to compare continuous associations between the independent variable and each dependent variable.
Third, we used negative binomial regression 26, 27 to explore the relationship between the dependent variables and the independent variables, accounting for variable time of exposure to the intervention. Negative binomial models with exposure offsets are appropriate for count variables with overdispersion (variance Ͼ outcome mean) and variable exposure of each participant to the intervention. The incidence rate ratio (IRR) obtained from negative binomial regression is interpreted as a direct multiplier of the count outcome. We modeled a 10% change in the proportion of patients with A1c control at the physician level and accounted for three levels of exposure to the intervention (Ͻ1 week, Ն1 week to Ͻ12 weeks, and Ն12 weeks). Therefore, for each one-unit increase in the independent variable (a 10% increase in practice performance), the expected count for the outcome is multiplied by a factor of (IRR), holding all other covariates constant in the model. We conducted sensitivity analysis by repeating the analyses using the A1c value as a continuous independent variable and obtained pairwise correlations between measures of study engagement using Spearman rho correlation coefficients. All analyses were done using SPSS 16.0 (Chicago, Illinois) and STATA SE 10.0 (College Station, Texas).
The protocol was approved by the University of Alabama at Birmingham and the University of Alabama at Tuscaloosa institutional review boards.
Results
We analyzed data from 133 physicians and 1,637 of their patients, 64 physicians from the intervention group (947 patients) and 69 physicians from the control group (690 patients), displayed in Table 1 .
The proportion of patients with hemoglobin A1c Յ7% for the average practice was 49.3% in the intervention group and 48.7% for the control group. The mean practice-level A1c level was not different between the intervention (7.5, SD 0.8) and control (7.4, SD 1.2) practices (P ϭ .6). As expected, the rates of diabetes control varied dramatically from the worst (19%-23%) to the best quartile (75%-77%) of practice control across all practices ( Table 1 ). The mean number of weeks participating was higher for the intervention group (57.9, SD 27.5) compared with the control group (7.3, SD 14.8; P Ͻ .001).
In the intervention group, the study engagement measures varied significantly across quartiles of A1c control, with the exception of number of CME credits obtained (Table 1) . Importantly, physicians in practices in the worse quartiles of A1c control participated less, regardless of the domain measuring study engagement (volume, frequency, variety of components, duration of visit). The decrease in participation was graded across all quartiles. For example, the total number of pages viewed decreased as the quartile of A1c control worsened (137.0, 73.3, 68.7, 57.5; P ϭ .007). Similarly, with Continuing Medical Education the exception of number of CME credits obtained, as A1c control improved so did study engagement (correlations 0.26 -0.36; all P Ͻ .05; Table 2 ).
In the control group, study engagement lagged that of the intervention group significantly. In addition, measures were neither different across quartiles of A1c control nor were they correlated with A1c control ( Table 1 ). The sensitivity analysis using hemoglobin A1c as a continuous variable yielded similar results for the analysis across quartiles and correlations for the intervention and control group (data not shown).
Study engagement measures correlated with each other in the intervention group (correlations 0.45-0.89) and in the control group (0.56 -0.89, except number of CME credits obtained), Table 2 .
The IRR for study engagement measures in the intervention group is shown in Figure  1 . For any given 10% increase in proportion of patients with A1c controlled, the physician viewed 1.13 times more pages (95% CI: 1.02-1.26; P ϭ .02). A similar finding was observed for other measures of engagement, with the exception of number of CME credits obtained.
Discussion
In a population of physicians participating in the RDOC study, engagement with the study Web site varied significantly. Physicians randomized to the intervention group were more engaged with the study Web site than their control counterparts. Furthermore, within the group randomized to the intervention Web site, physicians serving patients with the greatest A1c control had the highest level of engagement, whereas physicians caring for those with the worst A1c control had the lowest level of engagement. This finding fails to support our hypothesis that lowerperforming physicians would seek information at a higher rate than their higher-performing counterparts.
Because the intervention activities were more interactive than the control activities by design, with a more interactive web experience, performance feedback, and repeated e-mail reminders, differences in engagement between the intervention and control groups were anticipated. However, the pattern of engagement that emerged within the intervention group based on patients' A1c levels at baseline was not expected. Perhaps higher-performing physicians in the intervention group were more likely to be interested and adept in using technology to support their patient care, a characteristic that may reflect that they are more up-to-date or otherwise more prepared to manage their patients.
Research has shown the important relationship between the use of technology and quality of care. 28 It also could be that physicians of the patients with the worst A1c control were simply too busy caring for their patients to participate. For physicians in busy practices, the act of seeking external resources that may support patient care takes away precious time from seeing patients.
The level of engagement may also reflect the inaccuracy of physicians' self-assessed learning needs; most people cannot independently identify areas for selfimprovement as accurately as they can when working toward an objective standard. 29 In Choo's 11 conceptual framework, cognitive, affective, and situational factors contribute to the process of identification and satisfaction of informational needs, where individuals recognize gaps in their knowledge, seek information to close the gap, and ultimately apply the information to their situation. However, if the process of identifying learning needs is not reliant on an objective measure, like patients' blood glucose level, lower-performing physicians may not be aware of the gap and, thus, may not seek information that could help them improve.
Implications for research and practice
Our findings have important implications for Web-based randomized clinical trials and CME programs. With respect to research trials, this study highlights three important points. First, an intervention's beneficial outcomes more clearly emerge among higher risk groups. 30 Therefore, factoring various risk categories into power and sample size Continuing Medical Education calculations is warranted. Second, a study's capacity to identify the benefits of an intervention increases as intended use of the intervention increases. Studies with lower intervention adherence rates bias findings toward the null hypothesis. Finally, planning a priori for analyses stratified by level of risk and per-protocol exploratory analyses may be necessary to identify the mechanisms or relationships at work. We are not aware of any similar study reporting that levels of engagement in Web-based interventions change by patient risk.
No. of cases completed
Our data suggest that the physicians who might benefit the most from this Webbased CME program were also the least likely to engage in it. Extra or different efforts may be needed to engage the physicians with the lowest performance as defined by one diabetes quality indicator. Whether these findings are similar for other quality measures is unclear, but worthy of study. If CME is to be important and relevant in today's health care environment, it must be focused on helping physicians identify opportunities to reduce gaps between their existing practice and optimum care and offering meaningful activities to help them achieve such performance improvements. Such activities should be designed to engage the learner and might take new forms, using spaced education 31, 32 models and performance improvement formats within electronic systems delivered at the point of care. It is more reasonable to expect an interactive, integrated, intense, and sustained program of professional development with customized outcomes feedback directed at the point of care to lead to improvements in practice outcomes over time.
Limitations
Our study was not designed to understand the mechanisms underlying these findings. Furthermore, we make no claim with these baseline data as to whether participants' engagement in this study positively impacted their patients' A1c control, adherence, or management plans at followup; future analysis of the complete RDOC dataset will explore this hypothesis.
Conclusions
We conclude that engagement in Webbased interventions and CME programs is, in fact, measurable and has implications for research and online education. Engagement in this Web-based study differed in important ways among physicians according to the nature of the Web-based activity and, among the participants assigned to the more interactive Web site, according to their patients' glycemic control. Contrary to our hypothesis, lower-performing physicians sought information at a lower rate than their higher-performing counterparts in the more interactive Web site. Such factors must be considered by online developers to understand what drives engagement so that physicians with the greatest opportunity for improvement are engaged in an effective and meaningful fashion. Reasons for these differences and methods of designing learning activities that address them should be the subject of future research.
